We study possible correlations between ultrahigh energy cosmic rays (UHECRs), observed by Auger, AGASA, and Yakutsk, and nearby active galactic nuclei (AGNs) and F ermi sources. We consider the deflection effects by a Galactic magnetic field (GMF) model constrained by the most updated measurements.
1. INTRODUCTION The spectrum, origin, and composition of ultrahigh energy cosmic rays (UHECRs) with energies 10 19 eV (=10 EeV) are a long standing mystery in high-energy astrophysics (Hillas 1984) . Greisen (1966) and Zatsepin & Kuz'min (1966) showed a theoretical distant limit for the cosmic rays with energies of order 10 20 eV traveling through the microwave background radiation field, which is called the GZK effect. Because of the GZK effect, particles with energies above 10 EeV are able to reach our Earth only from nearby sources within about 100 Mpc. Another barrier in the investigation of the UHECR origin is the deflections of UHECRs by the magnetic fields. Due to the poor knowledge of the extragalactic and intergalactic magnetic fields, the deflections of UHECRs have not yet understood. Dolag et al. (2004 Dolag et al. ( , 2005 suggested that the deflections by extragalactic magnetic fields are generally less than 1
• , while Ryu et al. (2010) and Sigl et al. (2003) claimed that could be larger than 10
• . The Galactic magnetic fields (GMFs) are relatively better known (e.g. Han et al. 2006; Sun et al. 2008) and are widely discussed in the studies of UHECR origin (e.g. Stanev 1997; Prouza &Šmída 2003; Nagar & Matulich 2009 ). Kachelrieß et al. (2007) concluded that the deflections of UHECRs by the GMFs cannot be neglected even for the protons of E = 10 20 eV, since the deflection angles are comparable with the angular resolution of current experiments. Nagar & Matulich (2009) tried seven GMF models to study the correlations between UHECRs and source population(s). However, no halo component was included in the four GMF models they used and another three GMF models adopted from Sun et al. (2008) have a strong halo component about 7 µG. Observational constraints on the Galactic magnetic field strength (Han & Qiao 1994; Han et al. 1999; Morris & Serabyn 1996) and the configuration of disk magnetic fields (Han et al. 2006; Han 2009) should be carefully considered in the GMF model.
Since the discovery of UHECRs (Linsley 1963) , many equipments have been used to search for these events, including Fly's Eye (Bird et al. 1994) , Yakutsk Extensive Air Showers Array (Ivanov et al. 2003a; Pravdin et al. 2005) , Akeno Giant Air Shower Array (AGASA; Hayashida et al. 2000; Takeda et al. 2003) , High Resolution Fly's Eye cosmic-ray detector (HiRes; Abbasi et al. 2004 Abbasi et al. , 2008 and Pierre Auger Observatory (PAO; Abraham et al. 2004; The Pierre Auger Collaboration 2007 . The existence of the GZK cutoff has been observed by the HiRes and Auger (Abbasi et al. 2008 ; The Pierre Auger Collaboration 2008).
Some objects have been suggested to be possible sources of UHECRs, e.g., pulsars (Blasi et al. 2000) , active galactic nuclei (AGNs) and subclasses of AGNs (Protheroe & Szabo 1992; Farrar & Biermann 1998; Tinyakov & Tkachev 2001a,b; Virmani et al. 2002; Gorbunov et al. 2002 Gorbunov et al. , 2004 Abbasi et al. 2006; Farrar et al. 2009 ), radio lobes of FR II galaxies (Rachen & Biermann 1993; Hardcastle et al. 2009 ), and γ-ray bursts (Waxman 1995; Milgrom & Usov 1995) . However, the real sources of UHECRs are not known yet. AGNs are favored as the most probable sources for accelerating particles to the extreme energies (Hillas 1984) for a long time.
Recently, The Pierre Auger Collaboration (2007, 2008 ) studied the correlation between the arrival directions of UHECRs and the positions of nearby AGNs in the Véron-Cetty & Véron (2006) AGN catalog (hereafter VCV catalog). They concluded that the arrival directions of cosmic rays with energies above ∼ 60 EeV are anisotropic and UHECRs have a good correlation with the positions of nearby AGNs (z < 0.018). The intriguing result attracted much attention. Ivanov (2008) found the correlation between Yakutsk UHECRs and the nearby VCV AGNs ( 100 Mpc). George et al. (2008) investigated the correlation between the Swift Burst Alert Telescope AGN catalog with the Auger UHECR events, and found a correlation at a significance level of 98% when the AGNs were weighted by their hard X-ray flux and the Auger experiment exposure. However, some associated AGNs of Auger events may not have enough energy to accelerate particles to ultrahigh energies (Moskalenko et al. 2009 ). The High Resolution Flys Eye Collaboration searched for possible correlation between the HiRes UHECRs and AGNs located in the northern hemisphere; however, no significant correlation was found.
The F ermi high energy γ-ray sources are also possible UHECR sources. The recently released F ermi Large Area Telescope First Source Catalog (1FGL) contains 1451 γ-ray point sources (Abdo et al. 2010 ) with nearly uniform sky coverage (Atwood et al. 2009 ). Mirabal & Oya (2010) first investigated the correlation between Auger UHECRs and 1FGL sources without considering the deflection by the GMFs and redshifts of F ermi AGNs, and concluded that the UHECRs are not associated with F ermi sources. The possible correlation of UHECRs and F ermi sources should be re-examined after the GZK cutoff and the UHECR deflection by the GMFs are considered.
In this work, we construct a new GMF model based on the updated measurements of the Galactic magnetic fields and investigate the deflections of UHECRs by the GMFs. Considering the GZK cutoff and the deflection correction through our GMF model, we re-examine the possible correlation between UHECRs and nearby AGNs and F ermi sources. In Section 2, we discuss available data of UHECRs detected by Auger, AGASA, and Yakutsk and possible astrophysical objects. The deflections of UHECRs by the GMFs are discussed in Section 3. The correlation studies are given in Section 4. Discussions and conclusions are presented in Section 5.
2. UHECR DATA AND POTENTIAL COSMIC RAY SOURCES 2.1. UHECR events High-quality UHECR data and reasonable deflection correction by the GMF models are crucial to understand the origin of UHECRs. Therefore, we only consider UHECR events which satisfy two criteria: (1) good angular and energy resolutions; (2) ultrahigh energy (E > 40 EeV) which has a predictable small deflection angle.
We work on the UHECR events recorded by Auger, AGASA, and Yakutsk. The HiRes UHECRs have a typical angular resolution of 0 Abbasi et al. 2004 ) and 27 events have been published. However, we did not use them since the detail positions and energies are not available (Kachelrieß & Semikoz 2006, and references therein) .
Auger is located in Argentina and began to collect data from 2004 January 1. It has two systems, one to measure fluorescence in the atmosphere and the other to detect Cerenkov light from relativistic particles. The angular resolution of Auger is about 0 Up to 2000, 57 events with E > 40 EeV have been published (Hayashida et al. 2000) . Yakutsk collected 51 events with E > 40 EeV, its angular resolution is smaller than 5
• (Pravdin et al. 2005) . Therefore, the UHECRs data used in this work include 135 events, 57 recorded by AGASA and 51 by Yakutsk in the northern hemisphere with E > 40 EeV, and 27 events recorded by Auger in the southern hemisphere with E 57 EeV.
Due to the different angular resolution, different energy calibration, and different sky exposure for Auger, AGASA, and Yakutsk UHECR events, we search for the possible correlations separately between the three sets of UHECRs and astrophysical objects.
Potential Astrophysical Objects as Cosmic-Ray Sources
The nearby AGNs used in this work are extracted from the 13th VCV AGN catalog (Veron-Cetty & Veron 2010), with a redshift limit of z 0.024 which corresponds to a GZK cutoff ∼ 100 Mpc for the Hubble constant H 0 = 71 km s −1 Mpc −1 . The VCV catalog includes all known AGNs reported in the literature. There are 133,336 quasars, 1374 BL Lac objects, and 34,231 active galaxies. This catalog is not complete and not uniform due to different selection criteria and telescope time devoted to different sky areas. On the other hand, the difficulties in the classification of galaxies with weak AGNlike activity result in the confusion in identification of such sources. Thus, there are some flaws when using some given particular AGN catalog to study their possible correlations with UHECRs (see Moskalenko et al. 2009 ). AGNs are favored as the most probable sources for accelerating particles to the extreme energies (Hillas 1984) and almost all known AGNs are listed in the catalog. In this work, we work on the VCV nearby AGNs and compare the results with that by The Pierre Auger Collaboration (2007) . For the VCV AGN catalog, the incompleteness is particularly serious around the galactic plane of |b| 10 • . Therefore, only the 830 nearby AGNs with |b| > 10
• are used in this work. Another type of UHECR source candidates investigated in this work are F ermi sources. The Fermi/LAT Collaboration. (2009) presented the initial 3 month results for the 205 most significant γ-ray sources with energies above 100 MeV. Recently, after one-year observations, Fermi/LAT released the catalog for the all-sky 1451 γ-ray sources (Abdo et al. 2010) , which contains 820 identified sources and 631 unidentified sources. The Fermi/LAT first-year γ-ray source catalog (1FGL) is a complete γ-ray source sample with a γ-ray flux threshold of > 4×10 −10 cm −2 s −1 in the energy range 1 -100 GeV. Abdo et al. (2010) identified many F ermi AGNs with redshift data. Due to the GZK cutoff, we restrict the F ermi sources with z 0.024. There are only eight AGNs that satisfy this criterion. In this work, we adopt these eight objects and other F ermi sources without redshift data to search for their possible correlation with UHECRs. Because the diffuse emission dominates at low Galactic latitude (|b| 10 • ), the F ermi sources of |b| 10
• are also discarded. In total, 635 F ermi sources are used in this work, including 262 identified sources (235 AGNs) and 373 unidentified sources.
THE GALACTIC MAGNETIC FIELDS AND DEFLECTION OF

UHECRS
The GMFs have large-scale regular and small-scale turbulent components. The deflection angles of UHECRs caused by the turbulent fields are typically 1 order of magnitude smaller than that by the regular fields (Tinyakov & Tkachev 2005) ; therefore, we ignore the turbulent component in this work. The Galactic magnetic fields in general are described as the regular magnetic field in the disk and the possible large-scale field in the halo. Previous magnetic field models for the disk are either axissymmetric (e.g. Stanev 1997) or bi-symmetric (e.g. Harari et al. 1999; . However, none of these simple models agrees well with the observations (Men et al. 2008; Sun et al. 2008 ). Here we developed a toy model based on rotation measures (RMs) of pulsars by Han et al. (2006) . Magnetic fields in the disk are reversed from arms to inter-arms which has recently been verified by Nota & Katgert (2010) . The radial profile of the field strength can be described as B(R) = B 0 exp(−(R − R 0 )/R B ), where B 0 = 2.1 µG is the local field strength, R is the distance from the Galactic center, R 0 = 8.5 kpc is the galactocentric distance of the Sun, and the scale radius is R B = 8.5 kpc. Here, we use the four-arm model of Hou et al. (2009) to describe the spiral structure of our Milky Way. In the polar coordinates, the ith arm can be described as
x (kpc)
, where R i is the initial radius, θ i is the start azimuthal angle, and ψ i is the pitch angle of the arm. The values of these parameters of four arms are given in Table 1 of Hou et al. (2009) . To ease the model description, magnetic fields within 4.6 kpc do not have reversals. The initial width of each arm is set to be 0.4 kpc in our work. The pitch angle of the magnetic field is −11
• as used by Han et al. (2006) . The configuration of the disk magnetic fields in our toy model is displayed in Figure 1 , which gives the counterclockwise field in the arms and the clockwise field in the inter-arm regions. Here, we remind that this is only a toy model and the fourarm model is not the best one to match all tracers for the spiral arms (Hou et al. 2009 ).
The halo magnetic fields consist of a dipole poloidal field and a toroidal field with opposite directions above and below the Galactic plane. The field configuration was derived from the antisymmetric RM sky revealed by the extragalactic radio sources (Han et al. 1997 (Han et al. , 1999 ) and the vertical filaments in the Galactic center (Yusef-Zadehet al. 1984 ).
At present, it is not clear whether such toroidal fields extend from the solar vicinity to the Galactic center and what the scaleheight they have. Here we use the formula given by Prouza &Šmída (2003) in the Cartesian coordinates to describe the toy model:
where B T is given by
(2) Here R = 15 kpc is the radius of the toroidal field, H = 1.5 kpc is the scaleheight of the toroidal disk, P = 0.3 kpc is the halfwidth of the Lorentzian distribution, and the maximal value of the magnetic field is B max = 1 µG.
The poloidal field is modeled as a dipole with a cylinder (height 300 pc, diameter 200 pc) in the Galactic center. The existence of the dipole field is questioned by Taylor et al. (2009) and Mao et al. (2010) . However, their data in the Galactic pole region clearly support the local vertical field. In this work, we try to include the dipole field in our toy model. In the polar coordinates the poloidal field strength is (in the xz−plane, θ ranges from 0 to π and goes from north to south pole)
Then the Cartesian components of the poloidal field are
where
R P < 0.1 and |z| < 0.15.
Here R P = √ x 2 + z 2 . R P and z are in units of kpc, and B P is in units of µG. The constants in B P were selected to meet the characters of observed filaments in the Galactic center (1-2 mG; Morris & Serabyn 1996) , and a 0.2 µG vertical field component in the vicinity of the Sun (Han & Qiao 1994) .
In our toy model, the field transition from the arms to the inter-arms is not smooth, the influence of the bar in the Galactic center is not considered yet. The detailed model is beyond the scope of this paper. We will investigate how much UHECRs are reflected by each magnetic field component in the model.
The cosmic rays are deflected in the GMFs because of the Lorentz force. Following Kachelrieß et al. (2007) , the net deflection can be approximated as
where Zq e is the charge of cosmic-ray particles, p is the momentum along the line of sight (LOS), and B t is the field component perpendicular to the LOS. The integral is along the LOS from the source to the observer. In our work, the Hammurabi code (Waelkens et al. 2009 ) is used to calculate the all-sky deflections.
In Figure 2 , we show the deflection angle maps of UHECRs for various magnetic field components and their combinations in the toy model, and also the PS model (Prouza &Šmída 2003) which has a different disk component. The energy of CR protons is fixed to be 40 EeV. The disk field generates a strong deflection near the Galactic disk and in the high latitude. The toroidal field is similar to the disk field and has a large deflection near the disk, while the orientations are opposite above and below the disk. The dipole component has very strong deflections in the Galactic center region. Deflection maps by our toy model and the PS model have some similar features: (1) the maximal deflections take place in the inner Galactic disk and Galactic central regions; (2) in the southern sky of the outer Galaxy, the deflection is as strong as that in the Galactic center, while in the northern sky, a very small deflection occurs. This is a result of combining the toroidal and the dipole magnetic field components. However, there is quite difference in some regions between these two models: in the northern sky, our model generates smaller deflections from l = 0
• to l = 180
• , and the orientation is contrary to the PS model in the region of −90
• < l < −180
• ; in the southern sky, the PS model has larger deflections, particularly in the region of −90
• . The energy of observed UHECRs in our data sets varies from 40 EeV to more than 200 EeV. The deflections for the de- tected UHECR events according to our toy model are shown in Figure 3 . Figure 4 shows the average deflection angles of 135 UHECRs by the two GMF models and the various magnetic component combinations. We found that the deflections decrease with the CR energy as expected. Magnetic fields in our model generate smaller deflections than those in the PS model. CR events with energy below 90 EeV are deflected by an angle 3
• . The arrival directions of the events with energy above 90 EeV are deflected less than 2
• . The deflection angles are generally similar to the angular resolution of the UHECR detectors ( ∼ 1
• − 2 • ); therefore the GMF deflection correction is still desired in understanding the origin of UHECRs.
CORRELATIONS BETWEEN THE UHECR EVENTS AND POTENTIAL COSMIC-RAY SOURCES
In this work, we try to correct the deflections of the UHECR events by the GMFs, and then search for possible correlations between three UHECR data sets (Auger, AGASA, and Yakutsk) and nearby AGNs and Fermi sources. We will compare the correlation results with and without the deflection correction. Here, we first introduce the correlation analysis method.
The Correlation Analysis Method
To carry out the correlation analysis, we use the angular correlation function method described in Tinyakov & Tkachev (2001a,b) , Gorbunov et al. (2002 Gorbunov et al. ( , 2004 , and Gorbunov & Troitsky (2005) . For a sample with n r cosmic-ray events, we count the number N cs for UHECR-source pairs within a given angle δ, which is called "bin size" and various from 0 to a large angle. We count 1 if at least one potential cosmic-ray source (such as AGNs) falls into "the bin" and count 0 if no source falls into the bin. To check the chance probability, we use Monte Carlo simulations. We generate a large number (e.g., with N = 10 4 , 10 6 for some cases) of simulated sets of UHECR events, each set has the same number of events as the real sample. The simulated UHECRs are isotropic and the locations of simulated events are random. The distribution of locations is constrained by the overall exposure of the UHECR detectors. For a given δ, we first count the number of UHECR-source pairs N mc for each simulated UHECR sample, and obtain a mean N mc and the variance σ mc from N simulation sets. The exposure of Auger, AGASA, and Yakutsk depends on the celestial declination (The Pierre Auger Collaboration 2008; Takeda et al. 1999; Ivanov et al. 2003b ). The Auger exposure used in our work is obtained from the fitting of the declination distribution of low-energy Auger events (E < 10 EeV, from the Auger Web site 3 ) with a third-order polynomial function. The AGASA exposure function is taken from Takeda et al. (1999) . The Yakutsk exposure function is derived from Ivanov et al. (2003b) . The probability that the observed UHECR-source pairs are in coincidence with a random distribution is estimated by 
The significance of the correlation can be defined as σ(δ) = Ncs−N mc σmc . We emphasize that P and σ vary with δ. Larger chance probability P (δ) indicates that the observed pairs of cosmic rays and astrophysical objects are more likely the statistical coincidence of random isotropic UHECR events. The higher significance corresponds to a smaller P (δ) which suggests that the objects of the pairs are more likely to be potential UHECR sources. In this paper, P < 10 −2 is believed as an indicator of some correlation. We use this method to evaluate the possible correlations between the Auger/AGASA/Yakutsk events and the possible cosmic-ray sources.
The Correlation Between UHECRs and VCV AGNs
All sky distribution of AGNs in our selected sample and the deflection-corrected positions of the 135 UHECR events are presented in Figure 5 . We perform the correlation analysis separately for Auger, AGASA, and Yakutsk events. The correlation results for the UHECRs with and without deflection corrections are presented in Table 1 . We also present the correlation results for deflection corrections using the PS model (Prouza &Šmída 2003) and various GMF components and their combinations in our toy model. In Figures 6 and 7 , we show the results of pair counting and probability analysis for the deflection-corrected UHECRs by our GMF toy model.
In Figures 6, 7 , and Table 1 , we found that the number of Auger UHECR-AGN pairs is more than that of simulated isotropic random UHECR samples, which suggests that the Auger UHECRs are anisotropic and some- how correlated with VCV AGNs, supporting the results of The Pierre Auger Collaboration (2007, 2008) . For the deflection-corrected Auger UHECRs by our GMF model and the PS model, the chance probability is 2 × 10 −5 , and the correlation significance is about 4σ, which is similar to but slightly less significant than the results of a chance probability of 1 × 10 −6 and correlation significance of 4.7σ without deflection correction. In Table 1 , we found that the similar correlation results are also presented in the cases of various GMF components and the PS model, which indicate that some of UHECRs probably come from a few of AGNs. The marginal correlation significance of a few sigma ( 5σ) only suggests that most UHECRs do not have AGN counterparts. To further evaluate the deflec- As shown in Figures 6, 7 , and Table 1 , we found no correlation between the AGASA and Yakutsk events and AGNs.
Correlation Between UHECRs and Fermi γ-ray Sources
High energy γ-ray emissions are thought to be a distinctive feature of the possible source of UHECRs (Gorbunov et al. 2002) . Torres et al. (2003) searched for possible correlation between the third EGRET sources and AGASA UHECR events, no correlation was found. The GeV AGNs detected by the Fermi/LAT should be most energetic AGNs which may have powerful ability to accelerate the charged particles to ultrahigh energy bands. Most important is that the selected GeV AGNs in the Fermi catalog are relatively complete above the γ-ray flux threshold. We therefore investigate the possible correlations between F ermi sources and the Auger/AGASA/Yakutsk UHECR events considering the deflection of the GMFs. At the final stage of this work, we noticed that Mirabal & Oya (2010) did the similar work as us and studied the possible correlation between the F ermi/LAT First Source Catalog with the public Auger UHECRs. They found that 12 of the 27 Auger UHECRs arrived within 3
• . 1 of Fermi sources, similar to the matches of artificially random distribution of UHECR samples. They concluded for no correlation. However, the possible correlation of UHECRs and F ermi sources is needed to be re-examined after the deflections by the GMFs and the GZK effect are considered.
The Fermi/LAT 1FGL catalog contains 1451 point sources, including 820 identified objects: 62 pulsars, 295 BL Lacs, 278 FSRQs, 120 other types of AGNs, and 65 other γ-ray sources. We remove the F ermi sources with redshift z > 0.024 by considering the GZK cutoff, and also neglect the sources located in the Galactic disk with |b| 10
• . Figure 8 presents the sky distributions of the remaining 635 F ermi/LAT γ-ray sources and the deflection-corrected UHECR events.
The correlation results for the Fermi γ-ray sources and UHECRs are listed in Table 1 . In the right panel of Figure 6 , we also present the number of UHECR-source pairs as a function of the bin size δ. In the case of deflection-corrected Auger events by our GMF model, a small excess appears around δ ∼ 0
• . 9, with a chance probability of P ∼ 2.5 × 10 −3 , and a significance level of ∼ 4.1σ. A correlation with a chance probability of P ∼ 6.0 × 10 −4 , and a significance level of ∼ 3.7σ is also found for the case with deflection correction by the PS model. These correlations with marginal significance probably indicate that a few Fermi sources are related to the UHECRs. However, most of the Fermi sources are not potential sources of UHECRs. No evidence of correlation is found in the case of the observed positions of Auger events. In the cases of the AGASA and Yakutsk data, no significant correlations are found, though many UHECRs have a Fermi source within 3
• from their arrival positions. In order to evaluate the effect of deflections on the correlation analysis and compare our results with those of Mirabal & Oya (2010) , we also try to use all 1451 sources in the 1FGL for correlation with Auger UHECRs. We found that the number of matched UHECR-source pairs can be reproduced by the simulated isotropic UHECR samples for the UHECR sample without deflection correction, which is consistent with the conclusion of no correlation by Mirabal & Oya (2010) . When we exclude the sources with |b| 10
• and consider the deflection correction by our GMF model, a marginal correlation is found with a chance probability of P ∼ 9.8 × 10 −3 and a significance level of ∼ 3.1σ.
F ermi sources contain several types of objects, such as pulsars, AGNs, and unidentified sources. It is interesting to see if possible correlations exist between some types of F ermi sources and UHECRs. The correlation analysis results for the F ermi AGNs and UHECRs are presented in Table 1. The F ermi AGNs are weakly correlated with AGASA UHECRs after the deflection corrected by our GMF model and the PS model. Three hundred seventy-three unidentified Fermi sources are also weakly correlated with Auger UHECRs after the deflection corrected by the PS model. The correlation results for UHECRs with deflection corrections using various GMF components and their combinations in our toy model are also presented in Table 1 .
F ermi 1FGL catalog has 8 objects of redshift z 0.024: NGC 253 (z = 0.001), NGC 4945 (z = 0.002), Centaurus A (Cen A, z = 0.002), M87 (z = 0.004), ESO 323-G77 (z = 0.015), NGC 6951 (z = 0.005), NGC 1275 (z = 0.018), and M-82 (z = 0.001). We found that 4 of these 8 objects have UHECR counterpart(s) within 3
• . 1 from them, after the deflections are corrected by our toy model. Mirabal & Oya (2010) found 2 F ermi objects (NGC 4945 and Cen A) within 3
• . 1 from 3 of the 27 Auger UHECRs. When we consider the deflection correction, we find one Auger UHECR event within 3.1
• from NGC 4945, Cen A and ESO 323-G77. NGC 6951 also has one Yakutsk event within 3
• .
1.
The Cen A is the nearest FR II radio galaxy (Israel 1998) , which has been long proposed as a possible source of UHECRs (Cavallo 1978; Romero 1996) . Cen A was detected at MeV to GeV energies by the Fermi/LAT (The Fermi/LAT Collaboration. 2009). The Pierre Auger Collaboration (2007, 2008) pointed that 4 of the 27 events were possibly associated with Cen A (e.g. Moskalenko et al. 2009; Kachelrieß et al. 2009 ). From Figure 3 , we found that the arrival directions of cosmic ray in the region of Cen A are not significantly corrected by the GMF model. Two of UHECR events in the 27 published Auger data set are very close to Cen A. Considering heavier composition of UHECRs, Piran (2010) suggested that Cen A is the only active potential source of heavy nuclei UHECRs within a few Mpc for the GZK cutoff. The heavy nuclei suffer a larger deflection which can erase any correlation with their source. If all detected UHECRs are produced by merely Cen A, which come to our Galaxy and suffer different deflection via different paths and finally arrive at the Earth from various directions, they should show some kind of concentration around the source direction for many lighter nuclei, depending on the detailed composition and magnetic deflection. In Figure 8 , there is some indication for such a concentration within about 20
• near Cen A. While, other UHECRs coming from other very different directions may have other accelerating sources rather than Cen A.
NGC 4945 is identified as a Seyfert galaxy (Véron-Cetty & Véron 2006), also known as a starburst galaxy (Lenc & Tingay 2009 ). Lenc & Tingay (2009) identified a non-thermal source with a jet-like morphology near the AGN of NGC 4945. ESO 323-G77 is identified as a Seyfert galaxy having strong Fe I I emission (Fairall 1986 ), however, no compact radio core or a radio excess has been detected (Corbett et al. 2003) . NGC 6951 is known as a LINER galaxy and a bipolar outflow which seems to be associated with a nuclear jet has been reported by Storchi-Bergmann et al. (2007) . However, it is not clear whether the possible radio jets from NGC 4945 and NGC 6951 could be the accelerator of UHECRs.
SUMMARY AND DISCUSSION
We collected 135 published UHECR events including 57 UHECRs recorded by AGASA with energy E > 40 EeV, 51 events observed by Yakutsk, both located in the northern hemisphere, and 27 events with energy E 57 EeV detected by Auger located in the southern hemisphere. We use a new GMF toy model constrained by updated measurements to evaluate the deflection effects on the arrival directions of UHECRs. Considering the possible deflection correction by our toy model and the PS model, as well as the different magnetic field components in our model, we search for the possible correlations of UHECRs with nearby AGNs extracted from the new 13th VCV AGN catalog of Veron-Cetty & Veron (2010) and the F ermi/LAT First Source Catalog of γ-ray sources. We found a correlation between the Auger UHECR events and nearby VCV AGNs with a chance probability of 2 × 10 −5 , and a significance level of ∼ 4σ. Using the same data as The Pierre Auger Collaboration (2008), we found fewer UHECR-AGN pairs when deflection is considered, which implies the weakened correlation. A marginal correlation was found between the Auger events and the first year F ermi γ-ray sources with a significance level of ∼ 4σ if the deflection by the GMF model is considered. Some F ermi sources of nearby AGNs, NGC 4945, ESO 323-G77, NGC 6951, and Cen A, may be related to UHECRs within 3
• . 1. For AGASA and Yakutsk UHECRs, no evidence of significant correlation is found for the nearby AGNs or the F ermi sources because the matched pairs can be reproduced by the simulated random isotropic UHECR samples, though some γ-ray point sources are coincident with the UHECR events within 2
• . The correlations of UHECRs with some astrophysical objects suggest that at least some of the UHECRs are protons (The Pierre Auger Collaboration 2007 . However, most UHECRs seem to come from various directions and do not associate with known astrophysical objects, which indicates that the majority of UHECRs might suffer larger deflections in the trajectory, due to either the unknown extragalactic magnetic fields or the heavy nuclei component of UHECRs (Piran 2010) . The deflection of heavy UHECRs by the GMF models is proportional to the charge of nuclei, which leads to a very large deflection angle, for example tens of degrees for iron, and then any correlation discussed in this work can be diminished (Gureev & Troisky 2010) . If the primaries of the UHECRs are heavy nuclei, instead of proton, the identification of UHECR sources would be very difficult. Obviously, the understanding of UHECR origin will strongly depend on our knowledge about the strength and configuration of the Galactic and extragalactic magnetic fields, which definitely needs more measurements (Han 2008) .
